ABSTRACT. The analysis of 99 quantitative macrobenthic samples taken from the Cretan shelf at depths ranging from 40 to 190 m yielded 547 species from a total of 18858 individuals. Both average abundance a n d blomass decreased with depth in this zone by 85 and 75% respect~vely. The fauna was not consistently related to the biocoenoses proposed for the Mediterranean, a t least with regard to the distribution of characteristic species in the sampled stations. Diversity also decreased with depth, result~ng in a rather impoverished fauna towards the outer shelf. The main factors explaining the overall macrofaunal distribution were depth and chlorophyll a, while further analysis for the 4 different groups of stations identified by cluster analysis revealed that factors controlling the structure of the assemblages also change with depth: in the shallow stations sedimentary characteristics such a s grain size play an important role while in deep offshore statlons macrofauna is largely shaped by iood availa b~h t y and the quality of sedimenting phytoplankton blomass.
INTRODUCTION
Continental shelf ecosystems contribute to global carbon fixation to an extent disproportional to the area they occupy. Estimations of productivity for the worlds' aquatic ecosystems, based on Walsh & Dieterle (1988), give a productivity 5 times higher in shelf ecosystems than that of the Ocean. Unlike the deep sea, where the effect of benthos on total system metabolism is negligible (Ott 1992) , or the shallow intertidal zone, where the pelagic component is insignificant and benthos dominates total system metabolism, the continental shelf ecosystem seems to be regulated by both pelagic and benthic components. The outer shelf, where the sea bottom is below the mixing depth over the greater part of the year, is dominated by deposit feeders which utilize sedimented organic material colonized by micro-organisms and stimulate microbial activity (Fenchel & Jsrgensen 1977) . The return of nutrients resulting from this remineralization process into the upper water column during the deep mixing period influences pelagic production and provides indirect feedback (Wassmann 1984) . In this context quantitative information on the benthic ecosystems is an important element for understanding the function of the ecosystem as a whole.
The Mediterranean, and particularly the eastern basin, is one of the most oligotrophic areas of the worlds' oceans and has often been an obstacle to researchers attempting to formulate general marine biological rules (Petersen 1985) . The macrofauna of the continental shelf in the Eastern Mediterranean has received extremely little research effort in comparison to that of the western basin (Bellan-Santini 1985) . Very few data sets have been published using quantitative sampling devices and none of them was coupled with geochemical data. In most benthic studies, even recently (Zenetos 1996) , separation of macrofauna from the sediment has been performed by means of a 1 mm sieve, despite the fact that macrofauna of the eastern Mediterranean, and particularly in the shelf and slope, has been found to be smaller in size compared to those found generally in the same Atlantic biotopes (Bellan-Santini 1985) .
Island communities are usually atypical due to the relatively small size of the shelf. The Cretan shelf however is rather large in comparison to most Mediterranean islands, its coastline exceeding 800 km. The continental shelf of Crete, situated in the centre of the eastern Mediterranean Basin, could be considered as a representative site for the study of the influence of the oligotrophism on the benthic ecosystem since this area is not affected by large rivers or major anthropogenic perturbations.
MATERIALS AND METHODS
A set of 99 stations was chosen on the continental shelf of Crete at bottom depths of 40, 70, 100, 130, 160 and 190 m. Sampling was carried out during May and June 1988 using the RV 'Philia'. The continental shelf along the north coast extends up to 8 miles from the shoreline which forms a number of relatively open bays. Along the south coast the shelf is very steep with the exception of only 2 areas, i.e. to the south of Ierapetra (I) and in the Gulf of Messara (MR). The sampling stations (Fig. 1) were in general chosen using a number of transects taken at right angles to the coast. Coverage of the different sub-areas of the continental shelf, in terms of sampling effort, was approximately proportional to the size of each area. At each stat~on sediment was sampled by means of a 0.1 m* top-opening Smith-McIntyre grab (Smith & McIntyre 1954) . Samples with less than 6 cm of sediment were rejected as recommended by . The redox potential (Eh) at different depth layers and temperature (at -5 cm) were measured. After sieving over a 0.5 mm mesh the residue was preserved in 10% formalin and stored for subsequent laboratory analysis. A second sample taken at each station was subsampled for particle size analysis, plant pigments total organic carbon (TOC) and adenosine triphosphate (ATP) content. These data, which will be reported elsewhere (Karakassis & Eleftheriou unpubl.) , were used for the determination of relationships between macrofaunal and environmental variables.
Samples were sorted in the laboratory after being stained with Rose Bengal for 24 h. Macrofaunal organisms were identified and enumerated at the species level, and the wet biomass was weighed in total for 6 major taxonomic groups (Polychaeta, Mollusca, Crustacea, Echinodermata, Sipuncula and miscellanea); the dry biomass was calculated using the conversion factors given by . Animals of excessive weight (>SO% of the total station biomass) were weighed separately, and their biomass excluded from the data analysis.
Cluster analysis of community data was performed using the Bray-Curtis similarity index (Bray & Curtis 1957) and the group average linkage technique (Clarke & Warwick 1994) ; in order to normalize the data and avoid skew a square root transformation was applied on the abundance data prior to cluster analysis (Field et al. 1982) . Results are expressed in the form of a dendrogram in which samples have been arranged into groups of increasingly greater similarity based on species abundance. In order to detect statistically significant differences between the groups obtained by the cluster analysis the ANOSIM (ANalysis Of SIMilarity) method was used (Clarke & Green 1988 , Clarke & Warwick 1993 .
Multidimensional Scaling (MDS) ordination analysis (Field et al. 1982) was performed with the same configuration as in cluster analysis with respect to similarity index and transformation. In order to identify relationships between community and other environmental data, the technique described in Kruskal & Wish (1978) was used. For each environmental variable measured, a linear multiple regression was performed using this variable as the dependent variable and the coordinates of the MDS configuration as the independent variables. This process provided a weighted combination of the coordinates which explained the variable as well as possible, the goodness-of-fit belng given by the multiple correlation coefficient. Regression weights were transformed to the corresponding angles and consequently are plotted in a 2-dimensional plot comprising sampling units and environmental variables. Despite the fact that this method is based on linear regression (and in general linearity is not the usual case in most ecological situations), this method seems to us appropriate for the examination of animal-sediment relationships in a case where several environmental parameters are strongly intercorrelated (Karakassis & Eleftheriou unpubl.) . An alternative method, based on non-paraFly. 1 Sampling stations on the continental shelf of Crete metric statistics, described by Clarke & Ainsworth (1993) would require the elimination of most of the environmental parameters from this data set since they are correlated with depth. Species richness for each group of stations was calculated using the S, method (Karakassis 1995) while the (log2) Shannon information index H' (Shannon & Weaver 1949) and the associated evenness component J (Pielou 1966) were calculated for each sample. Cluster analysis, ANOSIM and MDS were performed by means of the PRIMER software package (developed in Plymouth Marine Laboratory).
In order to test if the biocoenoses proposed by Peres (1967) were readily recognizable in our samples a presence-absence analysis of occurrence of 'characteristic species' was performed with all the 99 samples. Four different types of biocoenoses were found, i.e. coastal detritic (DC), terrigenous mud (VTC), muddy detritic bottoms (DE) and bathyal mud (VP). The results of this analysis (Table 1) imply that there is a considerable amount of overlapping between different biocoenoses since in 78 % of the samples simultaneous presence of more than 1 category of characteristic species was found.
RESULTS

Classification and analysis of similarity Fauna
A total of 18858 individuals were identified as belonging to 547 species. Among these 238 were polychaete species, 165 crustaceans, 89 molluscs, 23 echinoderms, 14 sipunculans and 18 miscellanea (not always identified down to species level). In all the individual samples taken the polychaetes comprised most of the species found. On average, the number of polychaete species found in the shallow (40 m depth) stations was 48.1 % of the total species number idenMied in this depth zone. This number increased up to 53.4 % at the deeper (190 m) stations. Crustaceans decreased with depth from 31 to 20% while molluscs remained a relatively stable component of the community contributing 13.2 to 14.4% of the species found at any depth with the exception of 190 m, where their percentage decreased to 11.5 % . On the basis of numerical classification of samples ( Fig. 2) , 4 major station groups (I to IV) could be distinguished reflecting depth and sediment-related differences in macrofaunal species composition plus 1 pseudogroup (V) comprising a heterogeneous assemblage of samples. All the samples taken at 100 m depth were included within this group. Group IV comprised all the 40 m depth stations as well as the 70 m ones with coarser sediment (silt < 80%). Group V comprised stations characterized by very coarse sediments ranging from Amphioxus sand to Maerl, from various depths and locations on the Cretan shelf as well as from d e e~ stations with impoverished fauna from Messara on the south coast. Although the same criteria were used for the collection of samples, this heterogenous group could not be considered as a distinct unit and therefore it was excluded from subsequent analyses concerning the determination of animal-sediment relationships.
The analysis of similarity between groups showed significant differences between all the possible pairs of groups (p < 0.001). Therefore it could be argued that these groups reflect more or less distinct environmental conditions and accordingly subsequent analysis should take this classification into account rather than depth alone.
Abundance
Average total macrobenthic abundance decreased with depth from 4248 ind. m-2 at the 40 m stations to
rn In all cases polychaetes comma1 abundance (250 to 2 7 0 lnd m-') in the 7 0 to 1 0 0 m more than 55'',, of the abundance ( u p to 79% at zone and maximal relative abundance (2OU, , ) at the allow stations) while s i p u n c u l a n s reached maxi-160 m stations The abundance of crustaceans, mol- luscs and echinoderms decreased with depth by factors of 10, 5 and 3 respectively. For each of the groups (I to IV) of samples obtained by cluster analysis the 25 most abundant species were determined by means of ranking each of the 20 most abundant species within each sample; each species was given a rank score ranging from 20 down to 1 and the scores were su'bsequently added together within each group. Results showed ( Table 2 ) that in all the groups there was a weak dominance with the first species hardly exceeding 10% of the total abundance within the assemblage. The cirratulid Tharyx heterochaeta dominated the shallow stations (Group IV), decreasing in density with depth, while the small paraonid Tauberia gracilis seems to have a wide distribution throughout the Cretan shelf, being among the first 4 dominant species in all station groups. The sipunculid Onchnesoma steenstrupi, which inhabits empty gastropod shells, reached high densities (ca l00 ind. m-2) in Groups 111 and IV but its population declined rapidly at the deeper stations. Two sipunculan species, namely Golfingia procera and G. rnurina, were among the top 4 species in Groups I and 11, the latter comprising 10.1 ' % of the total abundance in Group 11. At the deeper stations the onuphid polychaete Sarsonuphis sp. was found to be among the top 3 species with densities ranging between 50 and 60 ind. m-2
Group I1
Golfingia m u~a ( S ) Ta ubena gracilis
For each of the groups of stations defined by cluster analysis, the total number of species found exclusively in that group and the name of the species found at more than one station in each group are presented in Table 3 . The number of exclusive species found decreases from 87 in Group IV to 8 in Group I and so does their percentage of the total number of species in the group (22 to 6%)). It should be noted that most of the exclusive species were found at 1 station only and even those that were present In 2 or more stations had rather low densities in comparison to those of the dominant species (Table 2 ). The examination of both tables implies that at least between 'adjacent' groups (i.e. Groups 1-11, Groups 11-111 and Groups III-IV) the faunistic differences are quantitative rather than qualitative. Therefore it could be argued that the entire data set is more or less a continuum with 2 extremes Average macrobenthic biomass (dry weight) decreased with depth, from 1.46 g m-2 in Group IV to 0.35 g m-2 in Group I (Fig. 3) . Polychaetes contributed most of the biomass at all depths, their percentage decreasing with depth from 70% of the total biomass at zone (22% of the biomass) and they comprised 25% of the biomass at the deeper stations.
Feeding types
Surface deposit feeders were the dominant feeding type accounting for 55 to 60% at all depth zones (Table 4) Table 5 . The number of species found in each sample declined on average from 75 to 29, this difference being largely dependent on the number of individuals present, which also decreased by approximately 85%. Although evenness (J) increased towards the deep stations, i.e. the dominant species were less abundant, the species richness influenced component of the Shannon index prevailed and therefore H' was higher in the shallow stations as well. The estimation (by means of the S, method) of the total number of species in each group, i.e. the number of species that could b e obtained by infinite sampling effort, is also presented in Table 5 .
Ordination and multiple regression
The results of the MDS ordination along with the significant environmental variables are presented m Fig 4 while the results of the regression analysis for the entire data set are given in Table 6 Prior to ordination the stations conlprised in the pseudogroup V were removed from the data set to obviate problems associated with the piesence of 'outllers', e g introducing bias to the ordination by compiessing the distnbution of the remaining sites (Hosie & Cochran 1994) The arrows plotted in Fig 4 point towards increasing values, while their direction was calculated from the regression weights of each parameter, they could b e seen as indi- Table 6 . Multiple regression analysis between environmental parameters and MDS (n~ult~dimensional scaling) scores for 2-axis ordination of comparison of sampling sites in the entire data set. Adjusted coefficient of determination (adj. R' ) gives the fraction of the variance accounted for by the explanatory variable. ANOVA values (F, df and p) are also given. Chl a: chlorophyll a; CPE Chloroplastic Pigments Equivalent; TOC total organic carbon, Q5": medlan grain size; SILT: percentage of silt and clay in the sediment; Eh: redox potential; ATP-adenosine tnphosphate; phaeo: phaeopigments cating the 'direction' of each gradient in Table 6 fauna' distribution Is by a network of gradients' the most important belng those associated with depth, reported as successful inhabitants of the deep sea which alone expld~ns 89 O/O of the variance In macrofauaccording to Fauchald (1977) and Fauchald & Jumars nal data Distance from the coast is also related to (1979) depth in most cases and so is redox (Eh), which tends to show hlgher values in offshore areas (Libes 1992) 
Sediment quantitative descriptors such as air., , where Q , , is median grain size and MD is median diameter] and percentage of silt and clay at the sediment (SILT) are partly associated with, depth, since in general fine sediments are found in the deeper offshore stations, but they also describe the complex regime of sediment-hydrodynamism-biota interactions which is quite unpredictable in the Mediterranean (Blanc 1968) . The concentration of chlorophyll a (chl a ) in the sediment is also an important factor in determining community structure (64 % of the variance) and so are some indirect ratios such a s C,chl a and chl a:CPE (Chloroplastic Pigments Equivalent, i.e. the sum of phaeopigments a n d chlorophyll a concentrations), ratios describing the condition of the sedimenting organic material and the 'freshness' of the phytoplankton cells available for th.e benthic organisms. In order to exarntne in detail the interplay between environmental variables we repeated thc abovedescribed procedure for each of the Groups I to IV identified by cluster analysis since the absence of depth as an overwhelming determinant was expected to rearrange the MDS configuration so that fine differences would be revealed. The new bIDS scores were used as independent variables for multiple regression with the environmental data. The results (Table 7) imply that different factors determine species composltion at each group of stations.
In Group I it seemed that productivity-related parameters such as TOC and the quality of the sedimented phytoplankton material (ratio ch1a:CPE) explain a large proportion of the variation in macrobenthic community structure, whlch is a good indication of food limitat~on in the deeper zone. In Groups I1 and 111 where there is an important depth element in the stations composition, depth was found to be the most important factor explaining 64 and 8 7 7~ of the variance respectively. The ratio ch1a:CPE was again among the determining factors a t both groups. However in general Group I11 was determined by sedimentary parameters, b5,, (= -log2MD) explaining 60% of the variance. The sediment type was even more important in the case of Group IV, where accounted for 62 % of the variance and was the principal parameter determining community structure. Four out of 5 variables that gave significant correlation (at the p i 0.05) level in this group were sedimentary descriptors (including Table 7 . Multiple regression analysis between environmental parameters and MDS (multidimensional scaling) scores for each group of stations obtained through the cluster analysis. Adjusted coefficient of determinatlon (adj. R2) gives the fraction of the variance accounted for by the explanatory variable. ANOVA values (F, df and p) are also given. 0,: sorting coefficient; sk,: skewncss; Other abbreviations as in Table 6 Group Direction cosines Adj. R' sorting coefficient, o,, and skewness, sk,), the remaining one being depth. The results reported here indicate that rnacrobenthic communities are structured by different factors at the 2 ends of this depth gradient on the Cretan shelf. The upper and n.earshore part is shaped by the hydrodynamic processes and their effect on the sedimentary characteristics, while at the deeper and offshore part, food availability in qualitative and quantitative terms determines the limits of population growth for most of the benthic organisms.
DISCUSSION
The classification of benthic biocoenoses (Peres 2967) had a profound impact on the development of benthic ecology in the Mediterranean. A considerable amount of information concerning the Mediterranean benthic ecosystems has been organized and presented with reference to this classification scheme. Even recent papers (Simbura et al. 1995 , Zenetos 1996 have used this system for the description of benthic ecosystems in the Aegean and Ionian shelf and despite the difficulties in the application of the scheme outside the Mediterranean (Petersen 1985) it has been considered as appropriate for the Mediterranean (Bellan Santini 1985 , Petersen 1985 . Peres (1982) used the term 'organisn~ic assemblages' to further clarify the relationship between this scheme and the old but never ending organismic-individualistic debate which has been going on since the beginning of the century (McIntosh 1995) . One of the critical points in this debate is whether species are organized in distinct groups corresponding to different ecological conditions (Krebs 1985) . Therefore it could be argued that the concept of characteristic species as descriptors of the environment plays a central role in the above-mentioned classification scheme.
Our results proved that in several cases characteristic species of more than 1 biocoenoses were found in the same sample. In fact all possible combinations were present in the data set except for DC-DE and DC-DE-VTC, which however were found in the last row of Table 1 , where characteristic species from 4 biocoenoses occurred in the same sample. The 'casual species' concept (Peres 1982) could be used in order to explain the CO-occurrence of characteristic species of various biocoenoses in the same sample. However, the percentage of simultaneous presence of more than 1 category of characteristic species is too high (78%) to be explained in such a way. This is true especially when one considers that sampling was conducted by means of a 0.1 m2 grab and therefore the patchiness effect would be much lower than when using dredges as was the case for most of the information reviewed in Peres (1967) . Of course it could be argued that the sampling methodology used in the present study was different with respect to both sampling gear and sieve mesh size and in fact most of the characteristic species found are at the low end of the size spectrum. Regarding quantitative aspects of the data set, it is worth mentioning that none of these species was dominant with respect to abundance or biomass and none was found to be responsible for the differences found among groups in previous analysis (Karakassis 1991) using the 2 indicator specles analysis TWINSPAN (Gauch 1982) . Although the ANOSIM results revealed significant differences between the groups identified by cluster analysis, a close examination of the data set seems to indicate that the main differences are quantitative (levels of density) rather than qualitative (presence/ absence) and it therefore could be argued that the continuum concept (Mills 1969 ) is more applicable in this case as well. Gagnon & Haedrich (1991) investigated shelf macrobenthic communities in Labrador/Newfoundland using both taxonomic and functional approaches. They also found that samples are distributed along a primary continuum, without any evidence of well-defined clusters at a depth range of 85 to 622 m. Of course, the use of characteristic communities or assemblages is a convenient means for common reference among scientists and, up to a point, the biocoenoses described by Peres (1967) reflect real differences among biotopes in the Mediterranean especially in the shallow inshore ecosystems. It could also be argued that an island shelf could be considered too narrow for species assemblages to be typical since gradients are steeper and the zonation components less extensive.
In terms of quantitative composition the macrofaunal assemblages on the continental shelf of Crete have simllanties with comparably located faunas in the Mediterranean and elsewhere in the world. Quantitative data reported from Banyuls-sur-mer In the western Mediterranean (Bhaud & Duchene 1978) showed a certain degree of similarity with our data, i.e. 27 (out of 4 1) dominant species in Banyuls were also included in our species list but not with the same rank order. Desbruyeres et al. (1972) Macrofaunal density was in general lower than that reported from other studies (Nichols & Rowe 1977 ) but the main differences lay with the biomass which was impressively lower than that reported by other authors (Guille 1971 , Bellan-Santini 1985 , reaching only one-tenth of the average biomass reported by from the North Sea shelf for the same depth zone. This reduced biomass is clearly related to the oligotrophy which is a characteristic of the Mediterranean Sea (Margalef 1985) , and which is even more pronounced in its Eastern Basin. In fact it has been found that on the continental shelf of Crete the oligotrophic conditions of the Mediterranean offshore system prevail even at very short distances from the shore (Karakassis & Zivanovic 1995) . Therefore the amount of in situ production of the organic material available for sedimentation on the seabed could be expected to be relatively low.
A conspicuous feature of the community structure on the Cretan shelf is the relatively high abundance of sipunculids, which are among the larger infaunal organisms; although they are considered as non-selective deposit feeders, elevated levels of organic material in their gut compared to those in the ambient sediment have been reported (Gage & Tyler 1991) . The success-mar Ecol Prog Ser 160-185-196, 1997 ful colonization by sipunculids of the offshore sediments on the Cretan shelf, where food availability is relatively low, may be attributed to the competitive advantages derived from their ability to cache the available food deeper in the sediment and their adaptation to environments characterized by the pulse of organic material, i.e. non-continuous sedimentation (Jumars et al. 1990 ). The fact that most of the dominant polychaete species belong to taxa capable of inhabiting deep sea environments along with large sipunculan densities could be attributed to the fact that the outer Cretan shelf presents to a certain extent a homology with deep environments elsewhere in the world with respect to limited sedimentation of organic material. This limitation could affect the biomass macrofauna:meiofauna ratio since meiofaunal organisms are better competitors for food than larger animals when food is scarce (Soyer 1985) . Therefore it could be expected that the structure of the benthic metabolism in the Mediterranean could be significantly different to that on other continental shelves in the world. On the other hand, macrofaunal organisms have to endure not only food limitation but also high temperature, the latter inducing a higher metabolic rate and therefore higher demands for energy resources. Perhaps this is the major reason for the difficulties bathyal Atlantic fauna have in becoming established in the deeper zones of the Mediterranean as was suggested by Ben Tuvia (1983) . In comparison to other large-scale investigations of the benthic environment (Table 8 ) the macrofauna of the Cretan shelf could not be considered as impoverished with respect to species richness, nor are the diversity indices reported here lower than in other areas of the Mediterranean or the Atlantic. However there is a remarkable decl~ne in species richness towards the outer shelf, the macrofauna becoming extremely scarce at the continental slope (Tselepides 1992).
Depth, not surprisingly, has been identified as the main factor controlling community structure in all the studies in the world where a considerable depth gradient was involved (such as Basford et al. 1989 , Rabalais 1990 . The present paper is no exception to this rule since in this 40 to 190 m depth interval everything changes with respect to physics, chemistry and biology. This gradient is even more important in an oligotrophic system where the flux of organic material towards the sea bed is more limited.
The role of sediment type as a factor determining macrobenthlc community structure has been emphasized by many authors (Sanders 1958 , Gray 1974 . Correlations between infaunal species and sediment types have been well documented since the turn of the century (Dayton 1984) , different functional groups have been defined in association with different substrate types (Sanders 1958 , Rhoads & Young 1971 , Fauchald & Jumars 1979 ) and the role of some species in providing nutrient regeneration and structure to an otherwise relatively homogeneous substratum is well established (Dayton 1984) . Macrofaunal assemblages at the shallow stations (Group IV) seem to be shaped by the sediment properties which are indeed more heterogeneous than those at the deeper offshore areas (Karakassis & Eleftheriou unpubl.) . The increase in relative abundance of carnivores and scavengers towards the outer Cretan shelf seems to be compatible with their ability to exploit a variety of food resources.
At the deeper and offshore stations there are strong indications of food limitation. This is demonstrated by the strong relationship between chlorophyll a and community structure in the entire data set, as well as by the decrease in biomass and abundance of macrofauna and, in particular, of feeding types which depend on phytoplankton material such as filter feeders. In several cases, however, and in particular at the offshore deep stations, it was the ratio ch1a:CPE and not chlorophyll a concentration itself that showed significant correlation with the ordination results. This could imply that the quality of the sedirnented plant material is at least as important as the quantity of chlorophyll a, and even if there is enough of the latter it could be of such a quality that macrofauna could not have a significant benefit.
